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Introduction

n
D

O
E

 N
E

T
L/S

E
C

A
 “Low

 C
ost F

uel C
ell A

lliance” began in
2000 and originally involved 11 organizations

n
O

S
U

: characterization as applied to N
exT

ech
tapes/lam

inates

n
A

n avoidance of standard M
S

E
 techniques has driven us

to exam
ine ‘pure

’ m
anufacturing issues

n
R

ecently acquired optical profilom
eter

n
O

ur “hom
e-built” laser dilatom

eter



Introduction

n
O

bjective: dem
onstrate that these techniques can to

serve as new
 tools to exam

ine old problem
s

n
E

stablish advanced characterization tools for process
diagnostics during m

anufacture

n
M

ore know
ledge about curvature allow

s reduction of
the num

ber of m
anufacturing steps

n
E

xam
ples: m

anufacturing process developm
ent

n
E

xam
ples: dem

onstrate value w
/o revealing too m

uch;
not all sam

ples are N
exT

ech
’s



O
ptical P

rofilom
etry

n
U

ses interference of filtered w
hite light reflected from

a surface as im
aged by a C

C
D

 array

n
N

ot contact-based (stylus)

n
P

rovides inform
ation not visible to the naked eye

n
Low

er resolution than S
E

M
; com

patible w
ith specific

m
anufacturing problem

s

n
P

rovides m
icrostructural details non-destructively



B
&

A
 S

intering: S
tandard P

rofilom
etry D

ata
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187  mm

6.5 m
m

6.5 m
m

O
ne-w

ay curvature, convex/concave



P
erm

anent C
urvature R

eduction, A
node S

upport
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B
&

A
: 1400

°C
 Lam

inate B
efore

 R
eduction (R

z  =
 292 µ

m
)



B
&

A
: A

fter R
eduction (R

z  =
 375 µ

m
)



A
fter R

eduction: N
i in Y

S
Z



B
&

A
 R

eduction: S
ignificance

n
H

ow
 does N

iO
 reduction affect residual stress in the

electrolyte layer?

n
G

radients in reduction-oxidation and the electrolyte layer?

n
E

ffects of repeated redox on the electrolyte layer?

n
C

an degradation caused by redox cycling be m
inim

ized by
optim

izing cell fabrication?



E
dge C

urvature S
am

ple #1



E
dge C

urvature #2



E
dge C

urvature #3



E
dge C

urvature #4



E
dge C

urvature #5

n
R

elevant to sealing (ceram
ic-ceram

ic, ceram
ic-m

etal) that
m

ust take place against these surfaces

n
IC

 connections also affected

n
S

ealing stresses w
ill be unevenly applied

n
W

hy are all five are unique?



C
urvature-stress interactions: exam

ining
com

pressive failure of the electrolyte layerFailure of 
the electrolyte 

layer only
post-1400°C



A
djacent to failure



M
iddle of specim

en



F
ar aw

ay from
 failure - n

o cracking



C
urvature and S

tress

n
S

tresses evolve locally as cells cool dow
n

n
C

racking of electrolyte layers controlled by localized high
spots and low

 spots that deviate from
 perfectly flat

geom
etries

n
O

ut-of-plane stresses develop in real, as-fabricated cells
n

D
oes sealing increase these stresses?

n
O

perating stresses can exacerbate pre-existing cracks;
redox stresses are of concern as operational tem

peratures
decrease

n
N

exT
ech solved this particular problem

 using data from
 our

laser dilatom
eter



S
um

m
ary: U

sing O
P

 to E
xam

ine C
urvature

n
Large scale curvature; pass/fail criterion

n
B

&
A

 various m
anufacturing operations - non-

destructive
n

B
&

A
 operation - non-destructive

n
D

efects/m
icrocracking in the Y

S
Z

 film
 can be

identified for pass/fail or subsequent S
E

M
n

S
m

all vs. large scale curvature and failure m
echanics

n
A

daptive m
eshing of profilom

etry data for F
E

A
approaches



Larger Q
uestions

n
H

ow
 can the fabrication processes and/or therm

al cycles be
m

odified to reduce curvature?
n

W
hen exactly, does curvature evolve in anode-supported cells?

n
G

reen tape processing?
n

P
recalcination?

n
B

urnout?
n

C
o-sintering?

n
S

ealing?
n

W
e have observed that each of these steps contributes to the

final curvature (and thus the final localized stress state)



Laser D
ilatom

etry
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Fig. 1.  Laser dilatom
etry schem

atic show
ing the relative positions of

the laser m
icrom

eter, the furnace and the sam
ple positioning colum

n.

Fiberboard



U
nlocking the “B

lack B
ox” of T

herm
al P

rocessing

n
O

nce the furnace door is closed all dim
ensional inform

ation
about the sam

ple ceases; m
akes problem

 solving
difficult/im

possible?
n

LD
 N

on-contact - can m
onitor tape through all stages of

heating and w
hen liquid phases are present

n
N

on-contact - can m
onitor seal m

aterials w
hen liquid phases

are present
n

A
ccuracy - +

/-0.5 µ
m

; about the sam
e as standard LV

D
T

-
based dilatom

etry
n

A
ccuracy - does not average data (i.e., standard dilatom

etry)
and is standardless



V
ertical traverse of a 1.5” w

ide, 6-layer lam
inate@

898°C

898°C
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3D
 lam

inate surface data collected at 1304
°C

Color coded to m
atch optical profilom

etry scale



F
rom

 C
ells to S

tacks? - E
xperim

ental S
etup

Reference post
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Y
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N
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D
im

ensional B
ehavior of S

eal vs. T
 and C

ycle
2

nd 
film
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D
im

ensional B
ehavior of ‘C

ell’ vs. T
2

nd 
plate, 

3
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A
coustic E

m
ission - C

racking U
nder C

onstraint
Fuel cell substrate w

ith constraint sintered at 1300 °C, 1h--cooling
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C
onclusions

n
T

he field needs additional experim
ental techniques

n
N

on-contact profilom
etry: accept/reject criterion for

fuel cell m
anufacturing?

n
B

&
A

 testing of m
anufacturing processes

n
Laser dilatom

etry can be used to open up the “black
box” and dem

ystify therm
al treatm

ent processes;
possible N

exT
ech business interest

n
Laser dilatom

etry can render both single cells and
stacks in three dim

ensions in situ



A
pplicability

n
C

urvature: everyone’s got it; w
hat are the contributing

factors?

n
H

ow
 does curvature influence durability and

response to operational stresses?

n
Laser dilatom

etry can be used to provide new
inform

ation regarding not only cells but also stacks -
cells, ceram

ic-ceram
ic seals, ceram

ic-m
etal seals



F
uture w

ork

n
C

ontinue to dem
onstrate that optical profilom

etry and
laser dilatom

etry are valuable tools for m
anufacturing

n
E

valuate curvature evolution in various steps during
the fabrication of anode-supported cells (B

&
A

)

n
D

eterm
ine effects of anode reduction and redox

cycling on planar cells/the electrolyte layer (B
&

A
);

responsible for slow
 degradation in perform

ance?

n
Investigate R

am
an spectroscopy as a useful tool for

characterizing variations in stress w
ithin the

electrolyte layer and connections to curvature
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’s W
right C
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ow

er P
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hio

O
SU

O
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